Continuing our work of using biotransformations reactions to produce hydroxylated compounds at inaccessible positions, 6-hydroxyharman was obtained from hydroxylation of harman by Cunninghamella blakesleeana. The yield of this biohydroxylation was seven times higher in the presence of the surfactant PEG-400. Both, reagent and product, had their activities evaluated in the 2,2-diphenyl-1-picrylhydrazyl radical scavenging capacity  assay and in the allelopathic bioassay on radical and shoot growth of L. sativa (lettuce). 6-Hydroxyharman showed, in the first assay, very high radical scavenger activity, contrasting  with harman, that was inactive. In the allelopathic bioassay, 6-hydroxyharman presented  more inhibitory and stimulatory effect than harman, in analogous concentrations. 
INTRODUCTION
The hydroxylation of non-activated carbon atoms is a difficult task, and biohydroxylation is growing as a promising alternative. Cunninghamella blakesleeana species has been extensively used to carry out biohydroxylations of commonly used drugs, such as the non-steroidal anti-inflammatory agent indomethacin [1] and the β1-cardioselective adrenoceptor antagonist metropolol. [2] The widespread use of Cunninghamella species relies in technical factors, such as their fast growth and good stability, as well as their versatility to metabolize a number of structurally different chemical compounds into products that keep a good correlation with usual in vivo mammalian metabolites. [3] C. blakesleeana is one of the species used as a model to help predict and generate the logical mammalian metabolites since, in general, it carries biohydroxylations that play a cardinal role in the detoxification pathways of cells. [4] A major factor controlling yields in biotransformation reactions is the bioavailability of organic compounds to be hydroxylated, which may be limited due to their low aqueous solubility, making the substrate unavailable for the fungal enzymatic activity. This can be overcome by the use of a surfactant that can be added to the aqueous medium to perform the biotransformation, since they increase the solubility of hydrophobic compounds by incorporating them into micelles, increasing their transfer rate into the aqueous phase and thus enhancing their bioavailability for biotransforming enzymes. [5] Ionic surfactants exhibit, due to the presence of their charges, a strong detergent action, being sometimes toxic towards microorganisms cells. [6] Polymers, such as Tweens, Triton X, Spans, Polyethyleneglycol (PEG-400), Lecithin, and β-Cyclodextrin, are among the most used non-ionic surfactants. [7, 8] However, there are not many reports in the literature on the use of surfactants for yield improvements in biotransformations. [6] [7] [8] [9] β-Carboline alkaloids are naturally occurring compounds commonly present in foods, beverages, such as wine and fruit juices, and seasonings that present interesting biological activities. [10] Some β-carboline compounds, derived from tryptophan, tryptamine, and serotonin, are natural human brain constituents. [11] Harman (compound 1) has been detected in several plant species, such as Passiflora incarnata, and it is also present in grape juice, wine, tobacco, and marijuana smoke. [12] This compound and some derivatives showed HIV replication inhibition in H-9 lynphocytes. [13] 6-Hydroxy and 6-methoxy harman salts are acetyl-and butyrylcholinesterase inhibitors, reaching the same levels of galantamine, physostigmine, and rivastigmine, being able to be used in Alzheimer's disease treatment. [14] In the last years, there is increasing evidence of the implication of free radicals and reactive oxygen species in cancer, myocardial infarction, arthritis, and neurodegenerative disorders. Among these classes, phenolic compounds are primary antioxidants by reduction of the oxidative damage, acting as free-radical terminators. [15] Alterations in β-carboline structure, such as ring C full hydrogenation, have been reported to alter the antioxidant activity of such compounds. [10] Hydroxylation of this skeleton has been shown to be a common metabolic process carried out by human liver microsomes. [16] Accessing hydroxylated harmane derivatives for testing their bioactivities is a difficult task, and biohydroxylation is growing as a promising alternative. The widespread use of the stable 2,2-diphenyl-picrylhydrazyl (DPPH) radical scavanging model is recommended as a fast, easy and accurate methodology for measuring the antioxidant activity. The DPPH radical scavenging assay shows a linear relationship between the reciprocal EC 50 value and the total polyphenol content in the molecule. [17] Auxins, such as indole-3-acetic acid and indole-3-butyric acid (IBA), containing the indole skeleton are phytohormones that play a central role in the growth and development speed of plants, such as peas, maize, and potato. [18] They are involved in processes, such as cell elongation and division, induction of root growth, flower and fruit development, and fruit ripening. [19] IAA was already tested on Lactuca sativa root and hypocotyls growth and, at 5.0 × 10 −6 M, stimulates seedling growth. [20] In this work, we describe the preparation of 6-hydroxyharman (compound 2), with improved yield using polyethyleneglicol (PEG 400), as surfactant, from biotransformation of harman (compound 1, 
MATERIALS AND METHODS

General
The 1D and 2D nuclear magnetic resonance (NMR) spectra were run on a Bruker Avance DRX 400 (Bruker, Ettlingen, Germany) spectrometer in CD 3 OD. The osmotic pressures were measured on a microsmometer of Precision Systems, Inc. (Natick, MA, USA) and the controlled temperature growth chamber was purchased from Quimis (São Paulo, Brazil). Absorbances were measured in a Hitachi 2010 spectrophotometer (Hitachi, Kyoto, Japan). Column chromatography purifications were developed using silica gel 60 (70-230 mesh), from Merck (Darmstadt, Germany), while thin layer chromatography (TLC) and preparative layer chromatography were conducted on silica gel 60G, also from Merck.
All solvents used were of pure and high pressure liquid chromatography grade and purchased from Vetec (Rio de Janeiro, Brazil) and Sigma Chemicals Co. (St. Louis, MO, USA), respectively. Culture media was purchased from Biobras (Montes Claros, Brazil). BHT (2,6-di-tert-butyl-4-methylphenol), Tween 80, and PEG 400 were purchased from Sigma and harman from Aldrich (St. Louis, MO, USA). The microorganism, C. blakesleeana (IMI 200337), was purchased from Coleção de Culturas Tropical, Fundação André Toselo (São Paulo, Brazil).
Standard Biotransformation Procedure and Product Isolation
The biotransformations were performed in a rotary shaker at 130 rpm, at room temperature, using 21 3 mmol, 20.0 mg/flask) was added to each flask and the experiment was maintained under orbital shaking for a period of 14 days. Extraction of culture filtrates and residues was carried out with n-butanol (three times). The solvent was evaporated under vacuum to obtain 1.4 g of the residue. The purification of the product was carried out by column chromatography, using CH 2 Cl 2 /EtOAc/MeOH either neat or in mixtures of increasing polarities. The group of fractions (58.0 mg) containing the product was submitted to a preparative layer chromatography [CHCl 3 /CH 3 COCH 3 /(CH 3 CH 2 ) 2 NH 5:4:1] and 11.9 mg (2.5% yield) of pure 6-hydroxyharman (compound 2, Fig. 1 ) were isolated.
Biotransformation Procedure Using PEG 400 and Tween 80 as Surfactant Agents
The methodology was carried out, as in the standard procedure, but concomitantly with 420.0 mg of ethanolic solution of harman (compound 1) and 420.0 mg (0.10 g/ L of solution) of polyethyleneglicol (PEG 400) were added. After 14 days of incubation, at room temperature, on an orbital shaker at 130 rpm, the extraction with n-butanol gave 1.2 g of the residue that, by purification as previously described in standard biotransformation procedure above, furnished 79.5 mg (17.3% yield) of pure 6-hydroxyharman (compound 2). Tween 80 was also tested, using the same protocol and the same concentration as for PEG 400, but no yield improvement was noticed.
Free Radical Scavenging Assay
Radical scavenging activity of compounds 1 and 2 was determined, according to the method described by Burda and Oleszek. [21] Samples were prepared in triplicate for each concentration used. BHT was used as reference compound. Absorbances were measured at 517 nm and methanol was used for the baseline correction. Radical scavenging activity was expressed as the inhibition percentage and was calculated: where Abs control = absorbance of DPPH radical in methanol and Abs sample = absorbance of the compounds in methanol + DPPH. Scavenging activities were expressed in µg/mL. IC 50 values (in µg/mL) expressed the concentration of samples necessary to scavenge 50% of DPPH free radicals.
L. sativa Phytotoxic Bioassay
This bioassay was based in a methodology used by Vieira et al. [22] and all tests were triplicated.
Data Analysis
The effects on growth are given as percent differences from control, and consist of the differences (in cm) between mean values of seeds with tested compounds 1 and 2 and mean values for control (seeds grown without addition of tested compounds)/mean values for control × 100. Thus, zero represents the control, positive values represent stimulation of the studied parameter, and negative values represent inhibition. The data were evaluated using Student's t-tests and the differences between the experiment and control were significant at a value of P ≤ 0.05.
RESULTS AND DISCUSSION
Initial incubation of harman (compound 1, 100 mg/L) with C. blakesleeana, during 14 days, at room temperature, led to the isolation of 6-hydroxyharman (compound 2, Fig. 1 ) with 2.5% yield. Addition of Tween 80 (100.0 mg/L), as surfactant, in the biotransformation media was unsuccessfully attempted in order to improve this yield, but the use of PEG 400 (100 mg/L) led to a significant yield improvement to 17.4%. The addition of the surfactants at the biotransformation stage and the concentration used, 100.0 mg/L, were based on the results of Baklashova et al. [8] and Sartoros et al., [5] respectively. Malaviya and Gomes [9] stated that an increase of solvent concentration led to a decrease in percent molar conversion in a biotransformation. The optimal concentration of substrates in our research was found to be 20.0 mg/flask or 100.0 mg/L. In these conditions, the yield of 6-hydroxyharman (compound 2) was seven times higher than without surfactant.
The 1 H and 13 C NMR data of harman were compared with those from the literature [23] and 1 H and 13 C NMR data of compound 2 are in accordance with those of 6-hydroxyharman, obtained in the biotransformation of harman by Cunninghamella echinulata. [12] This compound was also isolated from the plant species Grewia mollis. [24] Tetrahydro-β-carboline compounds, such as tryptoline and pinoline, isolated from the nervous systems of mammals, prevent lipid peroxidation induced by hydrogen peroxide in rat brain homogenates. [25] Also, this class of compounds, that occur in foods, such as wine and fruit products (juices, jams), acted as good radical scavengers in the 2, 2 -azinobis(3-ethylbenzthiazoline-6-sulfonic acid radical (ABTS). assay, in contrast with the fully aromatic β-carbolines, such as harman, that did not show any radical scavenger activity in this assay. [10] In this work, the same lack of this activity was observed for harman (compound 1), using the DPPH scavenging capacity assay. Antioxidant compounds furnish hydrogens to free radicals and scavenge radicals. It is well accepted that the DPPH radical scavenging of phenolic compounds is due to their hydrogen donating ability. [17] Indeed, the presence of a hydroxyl in the benzene ring, inserted by C. blakeskeeana, promoted a radical scavenger activity in 6-hydroxyharman (compound 2) higher than that of BHT, the reference compound. Figure 2 presents the DPPH radical scavenging activities for 6-hydroxyharman (compound 2) and BHT, in three different concentrations (1.0, 10.0, and 100.0 µg/mL). In all three concentrations, compound 2 showed more activity than BHT, and at 10.0 µg/mL this activity was four times higher. Harman (compound 1) was also tested, but no activity was detected. The IC 50 values for compound 2 and BHT were 1.9 ± 0.7 µg/mL and 16.36 ± 3.63 µg/mL, respectively.
Considering that compounds 1 and 2 have indole skeleton, also present in auxins that promoted plant growth, their activity was tested on radical and shoot growth of L. sativa (lettuce), a bioassay (together with DPPH radical scavenging bioassay) currently used in our laboratory to evaluate allelopathic activity of extracts and pure substances. Lettuce seeds (together with other crops, such as cress, onion, and tomato), due to its readily availability, fast, completely and uniformly germination, are being traditionally and widely used in bioassays that specifically focus on detection of allelochemicals. [26] Harman (compound 1) was already reported to reduce root elongation of rice and lettuce. [27] However, no data was available on allelopathic activity of hydroxy substituted harman compounds. Figure 3 shows the effect of harman (compound 1) and 6-hydroxyharman (compound 2) on radical and shoot growth of L. sativa, at 10 −4 , 10 −6 , and 10 −8 M. The choice of the experiment conditions was based on our former results. [22] Compound 1 showed inhibitory effect on radical growth in all three concentrations tested; compound 2 was more inhibitory than harman at 10 −4 M and, at 10 −8 M, a slight stimulatory effect was observed. On shoot growth, analogous stimulatory activity for both compounds was observed, the best result being at intermediary concentration, 10 −6 M. No information was found in the literature for compound 2, related to this activity.
CONCLUSIONS
Introduction of the hydroxy group at carbon 6 in harman, successfully achieved by using C. blakesleeana and PEG 400, as surfactant, was able to enhance the yield seven times. The phenolic hydroxyl group led compound 2 to present high activity in the DPPH radical scavenging assay, higher than BHT, used commercially as antioxidant. Since this compound has an indole skeleton, present in plant hormones auxin-like, it was also tested on radical and shoot growth of L. sativa (lettuce). 6-Hydroxyharman (compound 2) showed higher inhibitory effect than harman (compound 1). These experiments corroborate the great importance of fungal biotransformations to generate bioactive derivatives of natural compounds.
